tion.2 Indeed, Epstein and associates,3 as well as Hinkle and co-workers,4 have noted a higher risk of sudden death among subjects with VPB's.
At present, identification of the ambulatory patient with ventricular arrhythmia is a difficult undertaking. VPB's may be random or infrequent. Detection often requires prolonged periods of monitoring. Such continuous recording of heart rhythm necessarily requires portable and costly equipment, yields a high incidence of poor tracings, and inconveniences the patient. Interpretation of the taped information depends on specialized instruments and trained personnel. Moreover, the procedure is time consuming and does not permit immediate recognition of the subject having arrhythmia.
Over a number of years we have employed the stress of exercise to expose ventricular ectopic activity in patients with known or suspected arrhythmias. 5 If a brief period of exercise precipitates ectopic activity in those susceptible to such rhythm disorders, it may EXERCISE AND MONITORING be a suitable screening procedure for more general application. The objective of the present study was to compare the yield and type of ectopic activity resulting from graded treadmill exercise to that observed during electrocardiographic monitoring over a short period with the patient at rest as well as over a longer duration with the patient ambulatory.
Material and Methods These studies were carried out on 81 patients who were referred for exercise testing at the Cardiovascular Laboratory of the Harvard School of Public Health. Patients were chosen from among those referred for evaluation of coronary heart disease, the presence of arrhythmias, or assessment of their exercise tolerance. Each subject underwent treadmill exercise and ambulatory monitoring. The basis for selection of participants was the availability of equipment for ambulatory monitoring at the time of exercise. Selection of a patient for the study was made prior to initiation of exercise. There were 69 men and 12 women, with an age range of 17 to 75 years. Fifty-three of the patients had documented CHD, 20 had known or suspected arrhythmias without evidence of CHD, and eight had neither known arrhythmia nor CHD.
Silver electrodes were applied firmly to carefully prepared skin in the following five locations: the anterior chest wall just medial to the right and left anterior axillary lines in the second intercostal space, in the standard V4 position, in the right subscapular region posteriorly, and over the left iliac crest. The V4 lead was used for recording except when a QS was the predominant complex, in which case a more lateral precordial or a modified limb lead was utilized. Electrocardiograms were displayed on an oscilloscopic monitor and recorded on a chart recorder. In order to assure the recording of all ectopic activity, the electrocardiographic signal was also processed by an analog ectopic beat detector and by a beat-to-beat tachometer. Prior to exercise a 3-minute ECG strip was recorded with the patient supine.
Patients were exercised at least 2 hours postprandially. Exercise was performed on a motorized treadmill, which was programmed in accordance with the protocol of Doan and Bruce. 6 The initial setting was at 1.7 Seven patients showed either no change or a decrease in their arrhythmia with exercise. In each of these the result of prolonged monitoring was similar to that of the 3-minute recording (table 1) . Eight patients demonstrated marked increases in ectopic activity with exercise, including ventricular tachycardia (three or more consecutive beats) in two patients and bigeminy in two others (table 2) . In three of these eight patients, the more advanced arrhythmias were also detected by ambulatory monitoring.
Arrhythmia Absent during Supine Monitoring. The 3-minute supine ECG revealed no VPB's in 66 patients. Of these, 26 developed ventricular ectopic activity with exercise, whereas prolonged ambulatory monitoring revealed arrhythmia in 18 (table 3). In 14 patients the VPB's were noted both with exercise and during ambulatory monitoring for an average period of 9.4 hours. In all but two the yield from monitoring was only isolated VPB's. One patient displayed a 2-minute burst of ventricular tachycardia during (fig. 1 ). There were four patients in whom the major arrhythmia was recorded only during prolonged monitoring, and 14 cases in which major arrhythmia was noted exclusively with exercise ( fig. 2 ). Among these, there were four who developed ventricular tachycardia.
Discussion
The documentation of ventricular arrhythmia can have diagnostic as well as prognostic 30 sec After Exercise identifying patients prone to ventricular arrhythmia have been limited to acquisition of data by passive monitoring techniques. In the ambulatory population this is performed with a standard ECG or by portable monitoring, using small tape recorders. The former samples about 1 minute of information, and will miss all but the most frequent arrhythmias. Portable monitors can record for several hours, but are expensive, cumbersome, and require specialized equipment and trained personnel for their analysis. Moreover, casual monitoring during normal daily activity may not reveal the same information as that obtained in the presence of myocardial ischemia, a significant factor in electrical instability of the heart. Thus, arrhythmias occurring during stress may not be demonstrated on passive monitoring.
The exercise electrocardiogram has long been used for detecting ischemic heart disease. Interest has been focused almost exclusively on the effect of exercise upon the S-T segment and T wave, with little attention given to the occurrence of ectopic beats during or after exercise. In 1927, Bourne8 first reported the use of exercise for evoking ventricular arrhythmias. On the basis of a small number of patients, he related the development of premature beats during exercise to the presence of CHD. Arrhythmias during or following standard exercise testing have since been noted by many investigators; however, the significance of such arrhythmias remains undefined.
Lamb and Hiss9 reported the results of double Master two-step exercise and/or treadmill exercise in 2,160 essentially healthy young men. VPB's were evoked or enhanced in 2% of this group. Mann and Burchell10 found VPB's in 21 of 400 patients subjected to a Master test. Of the 10 who had VPB's prior to exercise, only three gave evidence of CHD, whereas all of the 11 who first developed ectopic activity with exercise had CHD. Several investigators", 12 have claimed that exercise-induced VPB's represent an abnormal finding, whereas others have denied clinical significance to this occurrence. [13] [14] [15] Circulation, Volume XLIV, November 1971 attached a serious prognosis to ventricular arrhythmia developing during exercise in conjunction with angina pectoris. Gooch and McConnel"i associated the occurrence of repetitive VPB's during exercise testing with heart disease, whereas they considered the development of isolated VPB's to be innocuous.
In the present study, a short period of resting ECG, long-term ambulatory monitoring, and submaximal treadmill exercise were compared for the occurrence of ventricular ectopic activity. The 3-minute period of supine monitoring represents approximately three times the duration of recording obtained on a standard 12-lead ECG, and probably corresponds to the period of cardiac observation entailed in a routine examination consisting of auscultation and pulse taking, as well as an ECG. Of the 81 patients in this study, only 15 demonstrated ventricular ectopic activity during the 3-minute ECG preceding exercise. Ventricular arrhythmias could be elicited in an additional 30 patients by means of prolonged monitoring or exercise. Thus, the brief period of monitoring identified only one third of the patients with ventricular ectopic activity.
Prolonged monitoring was positive in 18, or 27%, of the 66 patients in whom the resting ECG was free from arrhythmia, and exercise was positive in 26, or 397%. In this study there were only four instances in which exercise failed to expose VPB's that were observed on monitoring. On the other hand, exercise often revealed ventricular arrhythmias that would not have been suspected on monitoring alone. This was true for both CHD and non-CHD patients. In addition to displaying an increased incidence of arrhythmias, exercise also demonstrated more serious rhythm abnormalities than were observed during monitoring. In fact, more than twice as many major ventricular arrhythmias were elicited by exercise than by prolonged ambulatory monitoring.
An The prognostic significance of exerciseinduced arrhythmia remains to be established. It is unlikely that the mere occurrence of ventricular ectopic activity identifies a group highly susceptible to fatal arrhythmias. In the present study, of 53 patients with CHD, 28, or 53%, had VPB's with exercise. This represents about 20 times the yearly incidence of sudden death in a group with established CHD.20 Nevertheless, it is important to know whether the occurrence of arrhythmia with exercise, in patients with CHD, identifies a subgroup differing in predisposition to ventricular fibrillation from those exhibiting either ectopic activity on monitoring or none at all. Furthermore, there may be prognostic significance to the type and frequency of ectopic activity found with exercise. Resolution of these questions will require large-scale epidemiological study of a carefully defined and closely followed CHD population.
